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[57] ABSTRACT

A highly efficient coding apparatus for encoding digital
video data in a block format and compressing the video
data if required into a number of bits so that the total
number of bits in the digital video data to be transmitted
is less than that of a predetermined transmission capac-
ity. Coefficient data having a DC component and a
plurality of AC components for each block are gener-
ated by an orthogonal transformation. A distribution
table of the AC coefficient data is generated during a
predetermined period, and an accumulating distribution
table is generated from the distribution table. The total
bit number of the AC coefficient data generated during
the predetermined period is controlled in response to

the accumulating distribution table and the predeter-
mined transmission capacity of the data transmission
channel. The DC coefficient data, the controlled AC

coefficient data and an additional code are transmitting
for each of the predetermined periods.

4 Claims, 15 Drawing Sheets
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1
HIGHLY EFFICIENT CODING APPARATUS

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates to a highly efficient
coding apparatus for compressing and encoding a digi-
tal picture signal with discrete transtorm encoding such
as discrete cosine transform and, more particularly, to
buffering for controlling the amount of data transmis-
sion to a value less than a predetermined value.

2. Description of the Prior Art

A picture is divided into blocks, each having a prede-
termined number of picture elements. In order to sup-
press the redundancy of a picture signal, transform
encoding is performed on a transform axis which

matches the characteristic of an original picture signal
for every block. Types of known transform encoding
include Hadamard transform, cosine transform and
Fourier transform. A conventional cosine transform
encoding apparatus is shown in FIG. 1.

A sampled discrete picture signal f(j, k) is supplied
through an input terminal 51, in FIG. 1, to a cosine
transform (DCT) circuit 52 in which a discrete cosine
transform, as indicated by the following equation, 1s
performed. Here, the original data are two-dimensional
data, that is, f(j, k) where (j, k=0, 1,..., n—1), having
(n x n) samples/block.

n—1n—1
Fu vy =200 "5 75" 45 k) x
ne j=0 k=0

cos{ (2] +2;:! U }.OS( (2% -I?:HIZW
u v =0 1

—',1,-.1-,-”—

w =0

1

- w=12,...,n—1

A coefficient value F(u, v) from the cosine transform
circuit 52 is supplied to a block scanning circuit 53, in
which coefficient data within a block from a direct
current component to a high frequency component are
outputted by zigzag scanning. The coefficient data from
the block scanning circuit 53 are supplied to a requanti-
zation circuit 54, in which the coefficient data are quan-
tized which is controlled by a buffer control circuit 58.
The output signal from the requantization circuit 54 is
supplied to a sorting circuit 55, in which the coefficient
data are sorted in order of the absolute values of the
amplitudes and, in which the amplitudes and addresses
are differentiated. A differential output signal from the
sorting circuit 5§ is given coupled to a variable-length
encoding circuit 56, which i1s adapted to convert the
signal into a code signal having a predetermined bit
number by runlength coding and Haffman coding.

The code signal outputted from the variable-length
encoding circuit 56 is supplied to a buffer memory §7
which converts the code signal transmission rate into a
rate which does not exceed the rate of a transmission
path. More specifically, the rate of data transmission to
the input side of the buffer memory 57 is variable,

whereas the output rate is nearly constant. The output

data from buffer memory 57 are taken out at a terminal
59. A fluctuation of the transmission data rate i1s de-
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2

tected by the buffer memory 57 and, upon such detec-
tion, a detection signal is supplied to buffer control
circuit 88, - |

The buffer control circuit 58 controls the quantiza-
tion step for the requantization circuit 54, so that, coeffi-
cient data to be transmitted become a predetermined
data amount by thresholding at the variable-length en-
coding circuit 56. Thresholding is a process in which a
threshold value is subtracted from coefficient data

whose absolute value is larger than the threshold value.

Here, coefficient data F (0, 0) of a direct current compo-
nent are excluded from thresholding.

In feedback type buffering as mentioned above, the
feedback control of the quantization step and the
threshold value is performed by the buffer control cir-
cuit 58, so that when the buffer memory 37 1s nearly
saturated and about to overflow, the transmission rate
of the input data to the buffer memory 57 is lowered,
whereas when the buffer memory 57 is relatively
empty, the rate of the input data to the buffer memory
is increased. If the sensitivity to the feedback amount 1s
increased excessively for the feedback control, oscilla-
tion takes place in the vicinity of the object value. Con-
versely, when the sensitivity i1s too low, a problem de-
velops, in that, it takes a relatively long time for conver-
gence which necessitates increasing the capacity of the
buffer memory 57. As a result, a considerable amount of
know-how is required to utilize the conventional buffer-
ing process effectively.

A further disadvantage with the conventional feed-
back type buffering device is that complicated circuits,
such as the sorting circuit 55 and the thresholding cir-
cuit, are required.

Further, although the transmission data amount in the
conventional buffering system can be lowered on the
average over a long pertod so as to be less than a prede-
termined value, it is difficult to control the data amount
correctly for a unit of one field or one frame of a televi-
sion signal as utilized, for example, in a digital VTR.

The present applicant has proposed a highly efficient
coding apparatus which encodes utilizing (ADRC
adaptive dynamic range coding) coefficient data previ-
ously obtained through transform encoding and sup-
presses the data amount of an encoded output at a value
equal to or less than a predetermined value (refer to
Japanese Patent Application Sho 63-245227). Although
this system solves disadvantages associated with the
conventional feedback type buffering and increases the
data compression rate, by combining an ADRC encod-
ing apparatus, the circuit becomes more complicated

‘with Increased data errors.

OBJECTS AND SUMMARY OF THE
INVENTION

Accordingly, it is an object of the present invention
to provide a highly efficient coding apparatus which
avoids the above-mentioned disadvantages of the prior
art.

More specifically, it is an object of the present inven-
tion to provide a highly efficient coding apparatus for
enabling the total amount of data, during a predeter-
mined period, to be less than the capacity of the trans-
mission means through which the data are transmitted.

It 1s another object of the present invention to pro-
vide a highly efficient coding apparatus capable of less-
ening the time required to perform a buffering opera-
tion.



5,006,931

3

A further object of the present invention is to provide
a highly efficient coding apparatus for transmitting data
with a predetermined data pattern suitable for perform-
ing a buffering operation.
According to an aspect of the present invention, there
is provided a highly efficient coding apparatus for en-
coding received digital video data in block format and
compressing the digital video data if required into a
number of bits so that the total number of bits in the
digital video data to be transmitted is less than that of a
predetermined transmission capacity, comprising:
block segmentation means receiving the digital video
data and for generating data in the -block format,

orthogonal transformation means receiving the block
formatted data and for generating coefficient data
having a direct current (DC) component and a
plurality of alternating current (AC) components
having a respective number of bits for each block,

first generating means for generating a distribution
table from the AC coefficient data during a prede-
termined period,

second generating means for generating an accumus-

lating distribution table from the first distribution
table,
control means for controlling the total bit number of
the AC coefficient data generated during the pre-
determined period in response to the accumulating
distribution table and the predetermined transmis-
sion capacity, and
data transmitting means having the predetermined
transmission capacity for transmitting the DC coef-
ficient data, the controlled AC coefficient data and
an additional code in each of the predetermined
periods.
According to another aspect of the invention, there is
provided a highly efficient coding apparatus for encod-
ing received digital video data in block format and
compressing the digital video data for transmission,
comprising:
block segmentation means receiving the digital video
data and for generating data in the block format,

orthogonal transformation means receiving the block
formatted data and for generating coefficient data
having a direct current (DC) component and a
plurality of alternating current (AC) components
for each block,

sub-block segmentation means receiving the AC co-

efficient data of each block and for dividing the

same into a plurality of sub-blocks,

generating means for generating address information

indicating which of the sub-blocks contain signifi-
cant coefficient data, and

data transmission means for transmitting the DC co-

efficient data, the address information, and the
significant coefficient data for each block.

The above, and other objects, features and advan-
tages of the present invention, will become readily ap-
parent from the following detailed description of pre-
ferred embodiments of the invention when read in con-
junction with the accompanying drawings in which
corresponding components are identified by the same
reference numerals.

BRIEF DESCRIPTION OF THE DRAWINGS

~ FIG. 11s a block diagram illustrating a conventional
transform encoding apparatus;
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FIG. 2 is a block diagram illustrating a highly effi-

cient coding apparatus according to one embodiment of

this tnvention.
FIG. 3 is a schematic diagram for describing a block

as a unit of process for encoding;

FIG. 4 is a schematic diagram for explaining an oper-
ation of a weighing circuit; '

FIGS. 5A to 5C are schematic diagrams illustrating a
sub-block construction;

FIG. 6 is a schematic diagram for describing a trans-
mission patter of data;

FIGS. 7A and 7B are schematic diagrams for explain-
ing the rule of quantizing AC coefficient data;

FIG. 8 is a block diagram of a distribution table gen-
erator;

FIG. 9 is a block diagram of a controller for control-
ling the amount of data;

FIGS. 10A and 10B are schematic diagrams for de-
scribing distribution tables;

FIG. 11 1s a schematic diagram for describing an
interesting type of distribution table;

FIG. 12 is a schematic diagram for describing another
transmission pattern of data;

FIG. 13 is a block diagram of another distribution
table generator according to another embodiment of the
present invention;

FIG. 14 is a block diagram of another embodiment of
this 1nvention;

FIGS. 15A to 15H are schematic diagrams for de-
scribing block patterns;

FIGS. 16A to 16D are schematic diagrams for de-
scribing transmission patterns of data;

FIG. 17 is a block diagram of a distribution table
generator; and

FIG. 18 is a flow chart for explaining the operation of
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A highly .fficient coding apparatus according to an
embodiment of the present invention will be described
with reference to the drawings. In FIG. 2, a sampled
discrete digital picture signal is supplied through an
input terminal 1 to a block segmentation circuit 2, in
which a digital signal in a field 1s converted from the
scanning order to the block order. FIG. 3 shows an
example of a two-dimensional picture block of (8} 8),
that is, 8 picture elements in the horizontal direction and
8 lines in the vertical directions. In the case where the
number of effective lines in one field is 240 and the
number of effective samples per line is 720, 1n a system
which has 525 lines per frame, there are 2700 blocks i1n
one field, which 1s determined as follows:

(720 X 240) = (8 X 8) = 2700

The output signal of the block segmentation circuit 2
is supplied to a cosine transform (DCT) circuit 3, 1n
which a discrete cosine transform is performed by pro-
cessing similar to the aforementioned conventional pro-
cessing. A (8 X 8) coefticient table, corresponding to the
block size, 1s obtained from the cosine transform circuit
3. Each coefficient value data, in the coefficient table,
contains eight-bits of data including a sign (=) bit of, for
example, one bit.
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The coefficient data from the cosine transtorm circuit
3 are supplied to a weighting circuit 4, in which fixed
weilghting coefficients, as shown in FIG. 4, are multi-
plied by the (8 X8) coefficient table. The weighting

coefficients are set equal to 1 for a DC (direct current)

component, and are smaller than one for higher order
AC (alternate current) components. In other words, the
higher the importance of the coefficients, the larger the
weighting coefficients which are utilized.

Coefficient data from the weighting circuit 4 are
supplied to both a buffer memory 5, composed of a one
field memory, and an absolute value generating circuit
6. The coefficient date are converted into absolute val-
ues at the absolute value generating circuit 6 and are
outputted to -a maximum value detector 7 and a fre-
quency distribution memory 9. The output signal of the
maximum value detector 7 is supplied to a frequency
distribution memory 8. The maximum value detector 7
detects a maximum value MAX of the absolute values
of AC coefficients for every sub-block obtained from a
block from DCT 3, that is, the above-mentioned (8 X 8)
block is further divided into 16 (2X2) sub-blocks as
shown in FIG. 5A. The sub-blocks, 0 to 15, are num-
bered in a zigzag scanning order as shown in FIG. 5B.
The sub-block address is represented by four bits as, for
example, shown in F1G. 5C.

The frequency distribution memories 8 and 9 perform

a buffering process as hereinafter described. In fre-

quency distribution memory 8, the frequency distribu-
tion of the maximum values MAX in a sub-block of AC
coefficients, which were previously converted into
absolute values, are stored. The maximum values MAX

are accumulated for a period corresponding to one field

and used to form an accumulated frequency distribution
table. In frequency distribution memory 9, the fre-
quency distribution of the AC coefficients, which were
converted into absolute values, are stored and accurnu-
lated for a period of one field and used to form an accu-
mulated frequency distribution table.

The buffer memory S has a memory capacity of one
field which is the unit of the buffering process. Coeffici-
ent data from the buffer memory § are supplied to a
weitghting circuit 10. In the weighting circuit 10, which
is provided for the buffering process, a controlled-
weighting coefficient is multiplied by the coefficient
data, so that the amount of transmission data, that is, the
transmission bit number, per field does not exceed a
predetermined object value. The maximum value of the

weighting coefficients is 1, so that as the weighting

coefficients decrease, and become for example 3, 1, 3,
1/16, 1/32, 1/64, and so forth, the amount of data to be
transmitted decreases. The object is subject to the AC
components to the buffering process, whereas the DC
components, which are of high importance, are trans-
mitted in the original data form.

Addresses for the frequency distribution memories 8
and 9, and a mode signal for designating a weighting
coefficient for the weighting circuit 10 are developed at
a control signal generating circuit 11. Coefficient data
from the weighting circuit 10 and the mode signal from
the circuit 11 are supplied to a format development
circuit 12, in which transmission data are generated and
supplied to an output terminal 13 of the format develop-
ment circuit 12 for transmitting to a transmission path.
An example of such a transmission path is a process for
magnetic recording/reproduction. In the format devel-

opment circuit 12, the addition of a synchronization

pattern for transmission, processing for error correction
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encoding and so forth are made when necessary. The
processing including ,for example, the calculation of the
transmission bit number can be done in a data-dropping
period of the input data, that 1s, the vertical blanking
period. The weighting process 1s for data read out of the
buffer memory 5 in the next field period and depends on
the mode determined from the preceding field.

FIG. 6 shows a structure of transmission data in
which data of a sub-block 0 are positioned first and data
of sub-blocks whose data are not zero are subsequently
positioned. In FIG. 6, DC represents data of the zero-th
sample of the sub-block 0, that is, data indicative of a
direct current component. DC data are always transmit-
ted with eight bits. Ai represents a four-bit address data
for indicating that data of the i-th sub-block are to fol-
low. Pi represents four-bit data for indicating the num-
ber of samples to be sent in the i-th sub-block. In Pi, “1”
indicates a sample having a value which 1s not 0, that 1s,
a significant sample, and its value is encoded in the
DATAI portion of the data. On the other hand, in Pi,
‘“0” indicates a sample having a value 0 which 1s not
transmitted. For examplé, when P1 i1s (0101), as shown
in FIG. 6, the values of the zero-th and the second
samples of the sub-block 1 are 0, the values of the first
and the third samples are not 0, and the non-zero values
are encoded in the DATAI1 portion.

The coefficient data provided by the cosine transform
are represented by 8 bits including the sign (%) bit.
These coefficient data are converted into a transmission
signal, at the format development circuit 12. FIG. TA
indicates AC coefficient values and codes of the coeffi-
cient data provided by the DCT3. As shown, ai repre-
sents (i+ 1) bits of the AC coefficient data. This coeffici-
ent data are converted into transmission data having a
bit pattern as indicated in FIG. 7B.

The bit pattern of the transmission data is composed
by inserting a bit of “0” or “1” between original bits and
a sign bit S at the head, in which “0” prior to the sign bit
S means +, and “1” means —. Further, a **1” 1s added
prior to the last bit. As a result, the last bit sequence
becomes (*“‘17°S) or (“1”°a0) which separates the bit se-
quences so as to enable the transmission data to be de-
coded into coefficient data on the reception side.

FIG. 8 shows a more detailed portion with the buffer-
ing process according to an embodiment of the present
invention. An absolute value of an AC coefficient from
the absolute value generating circuit 6 is supplied to the
maximum value detector 7, in which a maximum value
MAX for each sub-block 1s detected. The maximum
value is supplied to a multiplexer 21, and the output
signal therefrom is supplied as a seven-bit address for
the frequency distribution memory 8. The absolute
value of the AC coefficient from circuit 6 is further
supplied to a multiplexer 31, and the output signal there-
from is supplied as a seven-bit address for the frequency
distribution memory 9. |

Data read out from the frequency distribution mem-

ory 8 are supplied to an adder 22 and added to the

60

65

output of a multiplexer 23. Multiplexer 23 receives as
input signals 0, 4+ 1 and the output signal of a register 24,
and selects one of these input signals as an output signal
to be supplied to the adder 22. The output signal of the
adder 22 is supplied to register 24. The output signal of
the register 24 is fed back to the multiplexer 23, as previ-

- ously described, and multiplied by 8 in a multiplier 23.

The output signal of the multiplier 25 is coupled to an
adder 36.



5,006,931

7

In a similar manner to that previously described for
frequency distribution memory 8, an adder 32, a multi-
plexer 33, a register 34 and a multiplier (2x circuit) 35
are provided for frequency distribution memory 9. The
multipliers 25 and 35 can be composed of a shift circuit.

As hereinafter described, the number of transmission
bits of AC coefficients is obtained at the output of adder

36, and supplied to a comparator 37. An object value of

the number of transmission bits is coupled to the com-
parator 37 from a terminal 38, and a detection 1s made
on whether the calculated transmission bit number is
larger or smaller than the object value.

The comparison output signal from comparator 37 1s
supplied to a mode generator 41 in control signal gener-

10

ating circuit 11, which is indicated by a block formed of 15

broken lines. The mode generator 41 generates a mode
control signal MD of, for example, three bits. The mode
control signal MD is supplied to an address generator
42 and a register 43 which receives the comparison
output signal from the comparator 37 as a clock signal.
When the transmission bit number Q is smaller than the

object value P, the comparison output signal generated

from the comparator 37, and acting as a clock signal for
register 43, permits the mode control signal MD to be
fed into the register 43. An address signal developed by
the address generator 42 is supplied to the multiplexers
21 and 31. .
The modes controlled by the mode control signal
MD are as follows:
mode 1: AC coefficient is transmitted as 1s.
mode 2: AC coefficient is multiplied by 3 and transmit-
ted.
mode 3: AC coefficient is multiplied by 1 and transmit-
ted.

mode 4: AC coefficient s multiplied by 3 and transmit-
ted.

mode 5: AC coefficient 1s multiplied by 1/16 and trans-
mitted.

mode 6: AC coefficient 1s multiphied by 1/32 and trans-
mitted.

mode 7:AC coefiicient is multiplied by 1/64 and trans-
mitted.

The mode control signal MD from the register 43 is
supplied to the weighting circuit 10, indicated by a
broken line block. The weighting circuit 10 is generally
constituted by a ROM 44 and a multiplier 46. The ROM
44 is supplied, as an address, with the mode control
signal MD from the register 43 and a sub-block number
generated at a counter 45, and generates a weighting
coefficient. At the multiplier 46, coefficient data from
the buffer memory § and the weighting coefficient read
out of the ROM 44 are multiplied together. The output
data of the multiplier 46 are supplied to the format
development circuit 12 so as to be converted into trans-
mission data together with the mode control signal MD.

The supply of the sub-block number from the counter
45 enables multiplication of a finer weighting coefficient
to be performed rather than of a constant weighting
coefficient, such as 3 by the AC coefficient. For exam-
ple, it 1s possible to multiply different weighting coeffi-
cients by the sub-blocks 0 to § and the sub-blocks 6 to
15. However, when such weighting 1s performed, a pair
of the frequency distribution memories 8 and 9 are sepa-
rately required for the sub-blocks @ to 5 and the sub-
blocks 6 to 15.

A non-linear quantization circuit 47, as shown in
FI1G. 9, may be used instead of the weighting circuit 10.
The non-linear quantization circuit 47 is, for example,
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composed of a ROM. The sub-block number from the
counter 45 and a mode control signal MD are supplied
to the non-linear quantization circuit 47 and an output
signal is provided therefrom which is requantized with
a quantization step depending on the mode. For exam-
ple, when it is desired to decrease the transmission bit
number, data are requantized with a large quantization
step.

To maintain the transmission bit number per field at a
value smaller than an object value, the transmission bit
number is calculated in mode 1, that 15, where the
weighting coefficient is 1, the transmission bit number
and the object value are then compared 1n the compara-
tor 37, and when the transmission bit number is smaller
than the object value, the AC coefficient data weighted
in mode 1 are transmitted. Conversely, when the trans-
mission bit number is larger than the object value, the
transmission bit number is calculated in mode 2, that is,
where the weighting coefficient is 3, and the transmis-
sion bit number is compared with the object value. The
modes are switched from mode 1 through mode 7 se-
quentially until the transmission bit number becomes
smaller than the object valve.

The calculation of the transmission bit number will
now be explained using as an example 2700 blocks/field.

Referring to FIG. 6, A0, PO and DC in the transmis-
sion data must be transmitted in all blocks so that,
(4+4+48)x2700=43200 bits/field are a fixed data
amount. As the bit numbers of Ail, Pi, and DATAI are
variable, and since it 1s necessary to know these bit
numbers, a comparison of the variable bit numbers is
performed at comparator 37.

A description will now be given on the calculation of
the data amount of address data At (four bits) of a sub-
block i1 and data Pi (four bits) of a sample number of the
sub-block 1.

In the case where Ai and Pi1 data must be sent, there
is at least one AC coefficient having a value other than
zero in each sub-block. Therefore, it 1s sufficient only to
focus on the maximum value MAX of the AC coeffici-
ents of each sub-block. The frequency distribution of
the maximum value MAX of the absolute values of the
AC coefficients in the sub-blocks 1 to 15 of all blocks in
one field is developed, and converted into an accumu-
lated frequency distribution.

The frequency distribution memory 8 is cleared prior

 to writing in the data, so that adder 22 generates zero

data at the time of the clear operation. Sequentially
changing addresses from the address generator 42 of the
control signal generating circuit 11 are supplied
through the multiplexer 21 to the memory 8, so that
zero data are written into all addresses. After the clear
operation, the multiplexer 21 selects the maximum value
MAX detected at the maximum value detector 7, and
the multiplexer 23 selects an input of + 1. Data at an
address designated by the maximum value MAX are
read out of the memory 8 and added to + 1 at the adder
22. The output data of the adder 22 are written 1nto the
same address as the input data of memory 8. This pro-
cessing 1s performed for one field period, whereupon
the frequency distribution of the maximum value MAX
of the absolute values of the AC coefficients is stored in
the frequency distribution memory 8.

In a manner similar to that hereinbefore described for
frequency distribution memory 8, the frequency distri-
bution memory 9 is initially cleared to zero, and the
content of the memory 9 is added by + 1 at the adder 32
and written into the same address using the absolute
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value of the AC coefficient as its address, so that a

frequency distribution table, corresponding to one field -

period of the absolute values of the AC coefficients, 1S
formed in memory 9. After the frequency distribution

tables corresponding to one field period are formed in -

the memories 8 and 9, accumulated frequency distribu-

tion tables.
For forming an accumulated frequency distribution

table, the multiplexers 21 and 31 are switched so as to

select the output of the address generator 42 of the
control signal generating circuit 11, and the multiplex-
ers 23 and 33 are switched so as to select the respective
outputs of the registers 24 and 34. The address genera-
tor 42 generates decrementing addresses such as (127,
126, 125, ..., 2, 1). A read-out output of each address
is added to the outputs of registers 24 and 34 at the
adders 22 and 32, respectively. The registers 24 and 34
are reset at zero prior to forming an accumulated fre-
quency distribution table. Therefore, a value obtained
by accumulating the value from the address 127 is writ-
ten into the memories 8 and 9. After the addresses of the
memories 8 and 9 have been processed, as previously
described, from the address 127 to the address 1, an

10

15

20

accumulated frequency distribution table is developed

in each memory.

FIG. 10A is a frequency distribution graph in which
the maximum value MAX of the absolute values of the
AC coefficients is selected as a traverse axis, while the
occurrence frequency is selected as a vertical axis. The
accumulation of the frequency distribution from 127
toward 1 results in an accumulated frequency distribu-

23

30

tion graph as shown in FIG. 10B. This accumulated

frequency distribution graph, when the weighting coef-
ficients are multiplied by the AC coefficients, permits

the number of the sub-blocks with the maximum value
MAX of 0 and the number of the sub-blocks to be trans-
mitted to be seen.

When the accumulated frequency distribution graph
formed in the memory 8 is, for example, the graph
shown in FIG. 11, the bit numbers of Ai, and Pi to be
transmitted can be obtained immediately as described

below.
*In the case where coefficient data are directly used

(mode 1),

the number of sub-blocks for sending Ai, Pi: Ml the
transmission bit number: 8M1

*In the case where coefficient data are multiplied by
3 (mode 2),

the number of sub-blocks for sending A1, Pi: M2 the
transmisston bit number: 8M2

*In the case of the multiplication of coetficient data
by i (mode 3),

the number of sub-blocks for sending A1, Pi: M3 the
number of transmission bits: 8M3

*In the case of the multiplication of coefficient data
by & (mode 4),

the number of sub-blocks for sending Ai, Pi: M4 the
number of transmission bits: 8M4

*In the case of the multiplication of coefficient data
by 1/16 (mode 5),

the number of sub-blocks for sending Ai, Pi: M5 the
number of transmission bits: 8MS5

*In the case of the multiplication of coefficient data
by 1/32 (mode 6),

the number of sub-blocks for sending Ai, Pi: M6 the

number of transmission bits: 8M6
*In the case of the multiplication of coefficient data

by 1/64 (mode 7),
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10 |
the number of sub-blocks for sending Ai, Pi: M7 the

number of transmission bits: 8M7
The number of sub-blocks of coefficient data multi-

plied by (1/V'2), (1/V2)3,(1/V2)5 and so forth, can be
obtained from the values of 3, 6 and 12, respectively,
along the horizontal axis of the accumulated frequency
distribution table. Further, even when non-linear quan-
tization is performed, the number of the sub-blocks can
be seen. Thus, since the data amount of A1 and Pi to be
transmitted can be detected when a weighting coeffici-
ent is multiplied by the coefficient data, that 1s, the
coefficient data, buffering for suppressing the data
amount an amount less than a predetermined amount is
possible.

As previously mentioned , after a cumulative fre-
quency distribution table is formed in the frequency
distribution memory 8, the multiplexer 21 is switched so
as to select an address from the address generator 42,
and the multiplexer 23 is switched so as to select 0. The
address generator 42 generates addresses which change
sequentially as, for example (64, 32, 16, 8, 4, 2, 1). Since
data from the memory 8 are not altered in the adder 22,
data read out from the above-mentioned addresses are
the accumulated frequencies M7, M6, M5, M4, M3, M2,
M1, respectively. These accumulated frequencies are
multiplied by 8 at the multiplier 25, and the output of
the multiplier 25, which is indicative of the number of
sub-blocks sending Ai and Pi data, is supplied to the
adder 36.

In calculating the data amount of the data DATAI1 to
be sent, the occurrence frequency of the absolute values
of all AC coefficients is obtained as mentioned above
and an accumulated frequency distribution graph (ta-
ble) similar to FIG. 11 is generated. Assuming that FI1G.
11 is an accumulated frequency distribution graph of the
AC coefficients formed in the memory 9, the transmis-
sion bit number, when the conversion of transmission
data is made in accordance with FIG. 7, is determined
as follows. Here, the bit number represents the bit num-
ber of the absolute value of the AC coefficient which is
along the traverse axis of the accumulated frequency
distribution graph, and a reference Ni is utilized 1n place
of Mi as a frequency value so as to distinguish it from Ai
and Pi.

*The sample number of the seven-bit AC coefficient:
N7

The number of transmission bits: 14N7 bits

*The sample number of the six-bit AC coefficient:
N6-N7

The number of transmission bits: 12(IN6-N7) bits

*The sample number of the five-bit AC coefficient:
NS5-N6

The number of transmission bits: 10 (N5-N6) bits

*The sample number of the four-bit AC coefticient:
N4-N§

The number of transmission bits: 8(N4-NS5) bits

*The sample number of the three-bit AC coefficient:
N3-N4

The number of transmission bits: 6(N3-N4)

*The sample number of the two-bit AC coefficient:
N2-N3

The number of transmission bits: 4(N2-N3)

*The sample number of the one-bit AC coefficient:
N1-N2

The number of transmission bits: 2(N1-N2)

Consequently, the total bit number of the transmis-
sion data amount when the weighting coefficient is 1, as

in mode 1, is: 2(N1+N2+N3+N4+N5+N6-+N7)



5,006,931

11

bits. In mode 2, where the absolute value of an AC
coefficient is multiplied by 2, the bit number of the AC
coefficient is reduced by one bit so that a two-bit AC
coefficient becomes a one-bit AC coefficient. As a re-
sult, the total bit number 1s: 12N7 -+ 10(IN6 —N7)+ 8(INS
- N6) +6{N4—NS)+4(N3 - N4)+2(N2
—N3)=2(N2+N3+N44+ N5+ N6+ N7) bits.

In mode 3 where the absolute value of an AC coeffi-
cient is multiplied by %, the total bit number is :
2(N3+N4+NS+N6-+N7) bits.

In mode 5 where the absolute value of an AC coeffi-
cient is multiplied by 1/16, the total bit number 1s :
2(NS+N6+N7) bits.

In mode 6 where the absolute value of an AC coeffi-
cient is multiplied by 1/32, the total bit number is:
2(N6+4NT7T) bits.

In mode 7 where the absolute value of an AC coeffi-
cient is multiplied by 1/64, the total bit number 1s : 2N7
bits.

In addition, even when the muitiplication of (1/V2)
(1/V2)3 (1/V2)5 and so forth, is performed or when
non-linear requantization is done, as in the previously
described case of Ai and Pi, the transmission bit number
“is similarly obtained. Thus, in the case where a
weighting coefficient is multiplied by the coefficient
data, that is, the AC coefficient data, knowing the data
amount of DATAi enables buffering for suppressing the
data amount an amount less than a predetermined
amount.

As previously described, after a cumulative fre-
quency distribution table i1s formed in the frequency
distribution memory 9, the number of transmission bits
is detected. In performing this detection, the multi-
plexer 31 is switched so as to select an address from the
address generator 42, and the multiplexer 33 is switched
so as to select the output of the register 34. The address
generator 42 generates addresses which change sequen-
tially as, for example, (64, 32, 16, 8, 4, 2, 1), as mentioned
above. Since data from the memory 9 and data of a
previous address stored in the register 34 are added at
the adder 32, the data read out from the above-men-
tioned addresses are the accumulated frequency distri-
bution N7, (N7+Nb6), (N7 + N6+ NS),
(N7+N6+NS+N4) (N7+N6+ N5+ N4+ N3),
(N7+N6-+N5+N4+N34N2),
(N74+N6+NS+N4+N3+N2+N1). These accumu-
lated frequencies are multiplied by two at the multiplier
35, and the output of the multiplier 35, which is indica-
tive of the number of transmisston bits of the AC coetfi-
cients, 1s supplied to the adder 36.

The number of transmission bits, excluding the num-
ber of fixed bits, 1s compared with an object value in the
comparator 37 so as to determine whether the number
of transmission bits is larger or smaller than the object
value. Mode generator 41 determines whether it 1s nec-
essary to advance a mode, so as to reduce the transmis-
ston bit number, based on the comparison output from
comparator 37. For example, to obtain the transmission
bit number at mode 2, in which the weighting coeffici-
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ent of 4 1s multiplied by an AC coefficient, addresses of 60

(64, 32, 16, 8, 4, 2) are outputted from the address gener-
ator 42, and it is determined whether the transmission
bit number calculated based on the addresses, in a man-
ner simtlar to that previously described, 1s larger or

smaller than the object value.

As hereinbefore mentioned, the mode in which the
transmission bit number becomes smaller than the ob-
ject value is determined, whereupon the AC coefficient
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delayed at the buffer memory $ i1s multiplied by the
weighting coefficient corresponding to the mode at the
weighting circuit 10.

As is apparent from the foregoing explanation, the
transmission bit number per field in each mode can be
represented by the following equation:

*In the case of mode 1 where coefficient data are
directly employed,

16 2700+ 8M1+4+2(N14+N2+ N3+ N4+ NS+ N6-

+ N7) bits -

*In the case of mode 2 where coefficient data are
multiplied by 3, |

16 X27004+8M2+2(IN2+4+ N3+ N4+ NS+ N6+ N7)

bits

*In the case of mode 3 where coefficient data are
multiplied by 3,

16 27004+ 8M34+-2(N3+N4+ NS+ N6-+N7) bits

*In the case of mode 4 where coefficient data are
multiplied by &,

16 2700+ 8M4+2(N4+ NS+ N6+ N7) bits

*In the case of mode 5 where coefficient data are
multiplied by 1/16,

16 27004+ 8MS 4+ 2(NS+ N6+ N7) bits

*In the case of mode 6 where coefficient data are
multiplied by 1/32,

16 X 2700+ 8M6+2(N6+NT) bits

*In the case of mode 7 where coefficient data are
multiplied by 1/64,

16 X 2700+ 8M7 4+ 2N7 bits

FIGS. 12 and 13 show another embodiment of the
present invention in which DC coefficient data and a
plurality of significant AC coefficient data which are
generated corresponding to the (8 X8) DCT block are
transmit DCT block is not divided into sub-blocks as in
the above mentioned embodiment.

FIG. 12 shows a structure of transmission data in
which the data of the direct current component DC (8
bits) are positioned first followed by the address code
ADi1 and the significant coefficient data ACi 1n sequen-
t1al pairs. Since sixty-four pieces of coefficient data are
generated frim each block, the addresses (0 to 63), in
which O is the address of the coefficient data DC, are
allotted according to a predetermined order, for exam-
ple, zigzag scanning order. The coefficient data ACi are
the transmission data obtained by the conversion shown
in FIGS. 7A and 7B and as previously described. The
data EOB are added after the last AC coefficient data
component so as to indicate the end of one block of
transmission data.

The frequency distribution memory 8, provided in
the above mentioned embodiment, is not necessary as
the sub-block structure is not utilized in this embodi-
ment. A portion of this embodiment with the buffering
process is constituted as shown in FIG. 13.

In FIG. 13, the absolute value of the AC coefficient is
supplied to a multiplexer 31, which outputs a seven bit
address signal to frequency distribution memory 9.

Data from frequency distribution memory 9 and an
output signal from a multiplexer 33 are supplied to an
adder 32 and added together. A, <41 and an output
signal of a register 34 are supplied to the multiplexer 33,
which selectively supplies one of these input signals to
the adder 32. The output signal of the adder 32 is sup-
plied to register 34. As has and, as previously men-
tioned, the output signal of the register 34 is fed back to
the multiplexer 33. The output signal of the register 34
1s multiphed by 2 and 6 in multipliers 35 and 48, respec-
tively. The output signals of multipliers 35 and 48 are
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supplied to an adder 49 which outputs a signal to a
comparator 37. The output signals from multipliers 35
and 48 indicate the number of transmission bits of AC
coefficient data and the number of transmission bits of

14

The number of transmission bits of the address code:
6(N6-N7)
- The number of transmission bits: 12(N6-N7)
*The sample number of the five-bit AC coefficient:

address code, respectively. Thus, the output signal of 5 N3-N6

the adder 49 represents the sum of these transmission
bits.

An object value representing the number of transmis-
sion bits is supplied to the comparator 37 from a termi-
nal 38. At comparator 37, a determination is made as to
whether the calculated transmission bit number is larger
or smaller than the object value.

The comparison output signal from comparator 37 is
supplied to a mode generator 41 in control signal gener-
ating circuit 11, which is indicated by a block formed of
broken lines. The control signal generating circuit 11
includes address generator 42 and register 43 which
function in a manner similar to that hereinbefore de-
scribed with reference to the previous embodiment.
The mode control signal MD from register 43 is sup-
plied to weighting circuit 10 which, operates 1n a man-
ner similar to that described for the previous embodi-

ment.
As described in the previous embodiment, to maintain

the transmission bit number per field at a value smaller
than an object value, the transmission bit number 1s
calculated in mode 1, that is, where the weighting coef-
ficient is 1, the transmission bit number and the object
value are then compared in the comparator 37, and if
the transmission bit number is smaller than the object
value, the AC coefficient data weighted in mode 1 are
transmitted. Conversely, when the transmission bit
number is larger than the object value, the transmission
bit number is calculated in mode 2, that is, where the
weighting coefficient is 3, and the transmission bit num-
ber is compared with the object value. The modes are
switched from mode 1 through mode 7 sequentially
until the transmission bit number becomes smaller than
the object value.

The calculation of the transmission bit number will
now be described using as an example 2700 blocks/field.

DC component data and data EOB, which indicates
the end of a block, are transmitted for every block.
Hence, (8 + 14) X 2700=59400 bits/field are a fixed data
amount. As the bit numbers of the address code ADi
and the AC coefficient data are variable, and since it 1s
necessary to know these bit numbers, a comparison of
the variable bit numbers is performed at comparator 37.

In order to calculate the total data amount of the
address code ADi (6 bits) and the data ACi of all the
AC components, the frequency distribution of the abso-

lute values of the AC coefficients 1s developed and

converted into an accumaulated frequency distribution.

Assuming that FIG. 11 is an accumulated frequency
distribution graph of the AC coefficients formed 1n the
memory 9, the transmission bit number, when the con-
version of transmission data is made in accordance with
FIG. 7, is determined as follows. Here, the bit number
represents the bit number of the absolute value of the

AC coefficient which is along the traverse axis of the-

accumulated frequency distribution graph, and a refer-
ence Ni is employed as a frequency value. *The sample
number of the seven-bit AC coefficient: N7
The number of transmission bits of the address code:
6N7
The number of transmission bits: 14N7
*The sample number of the six-bit AC coefficient:

N6-N7
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The number of transmission bits of the address code:

6 (NS-N6)
The number of transmission bits: 10(IN3- N6)
*The sample number of the four-bit AC coefficient:

N4-NS
The number of transmission bits of the address code:
6 (N4-NJ)

The number of transmission bits: 8(IN4-NJ)

*The sample number of the three-bit AC coefficient:
N3-N4

The number of transmission bits of the address code:

6 (N3-N4)

The number of transmission bits: 6(IN3-N4)

*The sample number of the two-bit AC coefficient:
N2-N3

The number of transmission bits of the address code:

6(N2-N3)

The number of transmission bltS 4(N2-N3J)

*The sample number of the one-bit AC coefficient:
N1-N2 __

The number of transmission bits of the address code:

6 (N1-N2)

The number of transmission bits: 2(N1-N2)

Consequently, the total bit number of the transmis-
sion data amount when the weighting coefficient 1s 1, as
in mode - 1, 1S :
6N1+2(N1+N2+N3+N4+N5+N6+N7) bits. The
total bit number in mode 2 through mode 7, in which
the absolute value the AC coefficient is multiplied by 3,
, 1716, 1/32, 1/64, respectively is similarly calcu-
lated as previously described.

The calculation of the number of transmission bits of
AC coefficient data for every mode can be performed
based on the accumulated frequency distribution data
stored in the memory 9 in a manner similar to that de-
scribed in the aforementioned embodiment. The data
corresponding to the number of transmission bits are
outputted from the adder 49. The mode in which the
number of transmission bits is smaller than the object
value is determined, whereupon the corresponding
weighting is performed at the weighting circuit 10.

In the above embodiment, data in one field are di-
vided into picture blocks such as (8 X 8). However, data
in a frame may be divided into blocks and, to improve
the compression rate, a block may be formed of picture
data of two frames. FIGS. 12 and 16A show two exam-
ples for forming blocks based on two frames of picture
data.

Additionally, in the format development circuit 12,
processings such as error correction encoding and the
addition of a synchronization pattern may be per-
formed. The increase in the transmission bit number due
to these processings 1s a fixed amount.

An input picture signal is not limited to a luminance
signal of a television signal, but can include a color
picture component signal. These components may be
processed simultaneously or separately.

Cosine transform, orthogonal transform, and so forth
may be employed as transform codes.

Another embodiment of the present invention will -
now be described with reference to FIGS. 14-18.

FIG. 14 is a block diagram illustrating the entire
system of this embodiment. In FIG. 14, a sampled dis-
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crete picture signal is supplied through an input term-
nal 101 to a block segmentation circuit 102. In the block
segmentation circuit 102, a digital signal in a field 1s
converted from a scanning order to a block order. Since
the block structure is similar to that described with
reference to FIG. 3 in the first embodiment, a detail
description will not be repeated. '

The output signal of the block segmentation circuit
102 is supplied to a cosine transform (DCT) circuit 103,
in which a discrete cosine transform is performed by
processing similar to the previously described conven-
tional processing. A (8X8) coefficient table, corre-
sponding to the block size, is obtained from the cosine
transform circuit 103. In this coefficient table, DC coef-
ficient data contain ten-bits of data including a sign (=)
bit of, for example, one bit, and AC coetficient data
contain eight-bits of data including a sign () bit of, for
example, one bit.

The coefficient data from the cosine transform circuit
103 are supplied to a weighting circuit 104. The opera-
tion of the weighting circuit 104 is similar to that of
weighting circuit 4 shown in FIG. 2 and previously
discussed and, as such, will not be repeated.

Coefficient data from the weighting circuit 104 are
supplied to a buffer memory 105, composed of a one
field memory, and an absolute value generating circuit
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106. The coefficient data are converted into absolute

values at the absolute value generating circuit 106 and
are outputted to a maximum value detector 107, a maxi-
mum value detector 108 and a frequency distribution
memory 111. The output signals of the maximum value
detectors 107 and 108 are supplied to frequency distri-
bution memories 109 and 110, respectively The maxi-
mum value detector 107 detects a maximum value
MAXI of the absolute values of AC coefficients for
every sub-block obtained from a block from DCT 3.
Hereinafter, this sub-block is referred to as an M-block.
The maximum value detector 108 detects a maximum
value MAX2 of the absolute values of AC coefficients
for every sub-block obtained from an M-block, herein-
after referred to as an S-block.

The above mentioned (8X8) L-block is further di-
vided into 4 (4 x4) M-blocks M0, M1, M2 and M3 as
shown in FIG. 15A. FM, as shown in FIG. 15B, 1s
defined as a flag for the M-blocks. Each M-block Mi
(i=0, 1, 2 or 3) shown in FIG. 15C 1s further divided
into 4 S-blocks Si0, Si1, Si12 and S13 as shown in FIG.
15D. Fs, as shown in FIG. 15E, is defined as a flag for
the S-blocks. Contained in each S-block 51y (13=00 to
03, 10to 13, 20to 23 or 30 to 33) shown in FIG. 15F are
four samples Pij0, Pij1, Pij2 and P1)3 as shown in FIG.
15G. A flag Fp is determined which corresponds to
each of the samples as shown in FIG. 15H. Each bit
contained in flags Fm, Fs, or Fp indicates whether or
not there are significant, that 1s, not zero, AC coefficient
data. More specifically, a logic 0 of one bit indicates an
absence of significant data, whereas a logic 1 of one bit
indicates the existence of significant data.

In the case where the L-block (or the M-block) is
divided into M-blocks (or S-blocks), the vertical side
and the horizontal side of the M-blocks (or the S-blocks)
are equally divided as shown in FIG. 15. A zigzag scan-
ning order can also be utilized for dividing the larger
block into smaller blocks.

The frequency distribution memories 109, 110 and
111 are provided for the buffering process which will be
hereinafter described. In the frequency distribution
memory 109, the frequency distribution of the maxi-
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mum value MAX1 in an M-block of AC coefficients,
which were previously converted 1nto absolute values,
is stored and-accumulated for a period corresponding to
one field and used to form an accumulated frequency
distribution table. Likewise, in the frequency distribu-
tion memory 110, the frequency distribution of the max-
imum value MAX2 in an S-block of AC coefficients,
which were previously converted into absolute values,
is stored and accumulated for a period corresponding to
one field and used to form an accumulated frequency
distribution table. Moreover, in the frequency distribu-
tion memory 111, the frequency distribution of the AC
coefficients converted into the absolute values 1s stored

and accumulated for a period corresponding to one field

to form an accumulated frequency distribution.

The buffer memory 105 has a memory capacity of
one field which is the unit of the buffering process.
Coefficient data from the buffer memory 105 are sup-
plied to a weighting circuit 112. In the weighting circuit
112, which is provided for the buffering process, a con-
trolled-weighting coefficient is multiplied by the coeffi-
cient data so that the transmission data amount, that is,
the transmission bit number, per field does not exceed a
predetermined object value. The maximum value of the
welghting coefficients 1s 1, so that as the weighting
coefficients decrease, and become for example 3, 3, 3,
1/16, 1/32, 1/64 and so forth, the amount of data to be
transmitted decreases. The object 1s to subject the AC
components to the buffering process, whereas the DC
components, which are of relatively high importance
are transmitted in the original data form.

Addresses for the frequency distribution memories
109, 110 and 111, and a mode signal for designating a
weighting coefficient for the weighting circuit 112 are
developed at a control signal generating circuit 113.
Coefficient data and the mode signal are supplied to a
format development circuit 114, in which transmission
data are generated and supplied to an output terminal
115 of the format development circuit 114 for transmit-
ting to a transmission path. An example of such a trans-
mission path is a process for magnetic recording/repro-
duction. In the format development circuit 114, the
addition of a synchronization pattern for transmission,
processing for error correction encoding and so forth
are made when necessary. The processing including, for
example, the calculation of the transmission bit number
can be done in a data-dropping period of the input data,
that is, the vertical blanking period. The weighting
process is for data read out of the buffer memory 105 in
the next field period.

FI1G. 16A shows a structure of transmission data, in

which the data of a direct current component DC (10

bits) are positioned first, flags Fm, Fs and Fp are posi-
tioned 1n order after the DC data and the AC coetficient
data are positioned after the flag Fp.

The structure of the transmission data will now be
described in more detail, in which the significant data
are indicated by hatched portions as in, for example,
FIG. 16D Among the M-blocks, the significant data are
contained within blocks M0 and Mz. Therefore, the bit
pattern of the four bit flag Fm is set to (1010) as shown
in FIG. 16B.

It is also necessary to send the flag Fs of S-blocks S0j
and S2j which correspond to the two M-blocks M0 and
M2, respectively. Since S0j and S2j represent a total of
eight S-blocks, the flag Fs contains eight bits of data.

Since the significant data are contained in the S-
blocks S00, S01, S20 and S23, the flag Fs has the bt
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patter (11001001) as shown in FIG. 16B. Further, it 1s
also necessary to send the flag Fp for the (4 X4=16)

samples P00k, P01k, P20k and P23k, which correspond

to the four S-blocks in which the significant data are
contained. Since the significant data are contained
within samples P001, P002, P003, P011, P012, P202 and
P230, the bit pattern of the flag Fp is set to

(0111011000101000) as shown in FIG. 16B.
The seven samples, from the sixty-four AC coeffici-

ent data samples, which contain significant data are
tdentified by flag Fm, Fs and Fp as mentioned above.

The significant data are arranged in order of data value-

after the flag Fp. Samples P001 to P230 are converted

into transmission data D001 to D230, respectively.

Since the conversion of AC coefficient data is similar to
that described in reference to FIG. 7, further detailed
description is omitted.

FIG. 17 illustrates a distribution table generator with
a buffering process in accordance with another embodi-
ment of the present invention. In FIG. 17, an absolute
value of an AC coefficient from the absolute value
generating circuit 106 is supplied to the maximum value
detector 107, in which a maximum value MAXI for
each M-block 1s detected. The maximum value MAX1
is supplied to a multiplexer 121 which outputs a signal,
that is, a seven-bit address A0 to A6 signal, to frequency
distribution memory 109. A maximum value MAX2 for
each S-block which is detected at the maximum value
detector 108 is supplied to a multiplexer 131, which
outputs a signal, that is, seven-bit address A0 to A6
signal to frequency distribution memory 110. Further,
the absolute value of the AC coefficient 1s supplied to a
multiplexer 141, which supplies an output signal, as a
seven-bit address A0 to A6 signal, to frequency distribu-
tion memory

An M-block counter 120 supplies a two bit signal, as
an upper address A7 and A8 signal, to the multiplexers
121, 131 and 141. The memory area of memories 109,
110 and 111 are divided to correspond to the M-block
by the upper addresses A7 and AS.

Data readout from frequency distribution memory
109 are supplied to an adder 122 and added to the output
of a multiplexer 123. Multiplexer 123 receives as input
signals O, + 1 and the output signal of a register 124 and
selects one of these input signals as the output signal to
be supplied to the adder 122. The output signal of the
adder 122 is supplied to register 124. The output signal
of the register 124 is fed back to the multiplexer 123, as
previously described, and further supplied to an adder
125.

Data read out from frequency distribution memory
110 are supplied to an adder 132 and added to the output
of a multiplexer 133. Multiplexer 133 receives as input
signals 0, + 1 and the output signal of a register 134 and
selects one of these input signals as the output signal to
be supplied to the adder 132. The output signal of the
adder 132 is supplied to a register 134. The output signal
of the register 134 is fed back to the multiplexer 133, as
previously described, and further supplied to the adder
125. The input signals to adder 125 are added together
and an output signal therefrom is multiplied by 4 in a
multiplier 135 coupled. The output signal of the multi-
plier 135 is coupled to an adder 136.

In a manner similar to that previously described, an
adder 142, a multiplexer 143, a register 144 and a muliti-
plier (2 X circuit) 145 are provided for frequency distri-
bution memory 111. The multipliers 135 and 145 can be
composed of a shift circuit.

18

As hereinafter described, the number of transmission
bits Q of AC coefficients is obtained at the output of

 adder 136, and supplied to a comparator 146. An object
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value P of the number of transmission bits 1s coupled to
the comparator 146 from a terminal 147. Comparator
146 detects whether the calculated transmission bit
number Q is larger or smaller than the object value P. In
the case of (P> Q), for example, the comparison output
signal becomes a relatively high level signal.

The comparison output signal from comparator 146 is
coupled to a mode generator 131 in control signal gen-
erating circuit 113, which is indicated 1n a block formed
of broken lines. The mode generator 151 generates a
mode control signal MD of, for example, three bits. The
mode control signal MD is supplied to an address gener-
ator 152 and a register 153. The mode signal generator
151 increases the mode number i from O in a step by step
fashion, and monitors the comparison output signal at a
stage for each mode number i. More specifically, when
the relationship between the transmission bit number Q
and the object value P is (P>Q), the mode number 1 is
increased to (i+1).

The increasing of the mode number 1 1s stopped when
the condition (P>Q) is no longer satisfied.

The comparison output signal from the comparator
146 is further supplied to register 153 as a clock signal.
When the condition (P>Q) is no longer satisfied, the
mode control signal MD is permitted to be supplied into
the register 153. In addition, an address signal devel-
oped by the address generator 152 is supplied to the
multiplexers 121, 131 and 141.

The various i modes which are controlled by the
mode control signal MD are listed below. As is appreci-
ated, the number of transmission bits becomes larger as
the mode number 1 increases:

mode 1: AC coefficient is multiplied by 1/64 and

transmitted.
mode 2: AC coefficient is multiplied by 1/32 and

transmitted.

mode 3: AC coefficient 1s multiphed by 1/16 and

transmi:ted.

mode 4: AC coefficient is multiplied by § and trans-

mitted.

mode 5: AC coefficient is multiplied by } and trans-

mitted.

mode 6: AC coefficient is muitiplied by 2 and trans-

mitted.

mode 7: AC coefficient 1s transmitted as is.

Here mode 0 indicates that the transmission path
would overflow with data even if the transmission bits
were compressed as much as possible. However, under
normal conditions, such overflow does not occur.

The mode control signal MD from the register 153 1s
supplied to the weighting circuit 112, indicated by a
broken line block. The weighting circuit 112 is gener-
ally constituted by a ROM 154 and a multiplier 156. The
ROM 154 is supplied, as an address, with the mode

- control signal MD from the register 153 and an M-block

65

number generated at a counter 159, and generates a
weighting coefficient. The multiplier 156 multiplies the
coefficient data from the buffer memory 105 and the
welghting coefficient read out of the ROM 154 to-
gether. The output data of the multiplier 156 are sup-
plied to the format development circuit 114 so as to be
converted into transmission data together with the
mode control signal MD.

The supply of the M-block number from the counter
155 at the weighting circuit 112 enables multiplication
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of a finer weighting coefficient corresponding to the
M-block, rather than a weighting coefficient such as 3
by the AC coefficient.

The process for obtaining the transmission bit number
will be explained hereinbelow, in which the number of
L-blocks is indicated by NB and with, for example, 2700
blocks/field. '

Referring to F1G. 16A, flag Fm and the DC compo-
nent in the transmission data must be transmitted in all
blocks independent of the contents of a picture, so that
(44+10)x NB=14NB (37800 bits/field for example) are
a fixed data amount. As the bit numbers of the flags Fs
and Fp, and the AC coefficient data are variable, and
since it is necessary to know these bit numbers, a com-
parison of the data amount Q and the object value P of
the variable bit numbers 1s performed at comparator

146.

A description will now be given on the calculation of

the data amount of the flag Fs. In the case where the
flag Fs must be sent, there is at least one AC coefficient
having a value other than zero in each 16 samples con-
tained in the M-block Mi. Therefore, it is sufficient only
to focus on the maximum value MAX1 of the AC coef-
ficients of each M-block. The frequency distribution of
the maximum value MAXI of the 2bsclute values of the
AC coefficients in the M-blocks Mi of all blocks in one
field is developed, and converted into an accumulated
frequency distribution.

The frequency distribution memory 109 1s cleared
prior to writing in the data, so that adder 122 generates
zero data at the time of the clear operation. Also, se-
quentially changing 9 bit addresses from the address
generator 152 of the control signal generating circuit
113 are supplied through the multiplexer 121 to the
memory 109, so that zero data are written into all ad-
dresses, for example O, 1, 2,..., 510, 511.

After the clear operation, the multiplexer 121 selects
the maximum value MAXI detected at the maximum
value detector 107, and the M-block address. The multi-
plexer 123 selects an input of 4+ 1. Data at an address
designated by the maximum value MAX1 and the M-
block number are read out of the memory 109 and
added to 41 at the adder 122. The output data of the
adder 122 are written into the same address as the input
data of the memory 109. This writing operation is per-
formed at the rate of once per 16 samples. After this
processing has been performed for one field period, the
frequency distribution of the maximum value MAXI of
the absolute values of the AC coefficients i1s stored in
the frequency distribution memory 109 for every M-
block.

In a manner similar to that previously described for
frequency distribution memory 109, the frequency dis-
tribution memory 110 is initially cleared to zero, and the
content of the memory 110 1s added by +1 at the adder
132 and written into the same address using the maxi-
mum value MAX2 of the absolute value of the AC
coefficient detected every S-block and M-block address
as its address, so that a frequency distribution table
corresponding to one field period of the maximum value
MAX2 is formed in the memory 110 1n respect of every
M-block. This writing operation 1s performed at the rate
of once per 4 samples.

Further, as previously described for frequency distri-
bution memory 110, the frequency distribution memory
111 is imtially cleared to zero, and the content of the
memory 111 is added by 41 at the adder 142 and writ-
ten into the same address using the M-block address and
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the absolute value of the AC coefficient as its address so
that a frequency distribution table corresponding to one
field period of the absolute value of the AC coefficients
is formed in the memory 111.

Accumulated frequency distribution tables are devel-
oped from the distribution tables of occurrence fre-
quency corresponding to one field formed in the memo-
ries 109, 110 and 111. For forming the accumulated
frequency distribution tables, the multiplexers 121, 131
and 141 are switched so as to select the output of the

address generator 152 of the control signal generating
circuit 113, and the multiplexers 123, 133 and 143 are
switched so as to select the respective outputs of the
registers 124, 134 and 144. The address generator 152
generates the 9-bit addresses A0 to A8 as mentioned
hereinafter. |

In forming the accumulated frequency distribution
table of the block MO0, the upper addresses (A7, A8) are
set to (00), and the 7-bit lower addresses A0 to A6 are
generated decrementally such as (127, 126, 125,...2, 1,
0).

In forming the accumulated frequency distribution
table of the block M1, the upper addresses (A7, A8) are
set to (10), and the 7-bit lower addresses A0 to A6 are
generated decrementally such as (127, 126, 125,...2, 1,
0).

In forming the accumulated frequency distribution
table of the block M2, the upper addresses (A7, A8) are
set to (01), and the 7-bit lower addresses A0 to A6 are
generated decrementally such as (127, 126, 125,...2, 1,
0).

In forming the accumulated frequency distribution
table of the block M3, the upper addresses (A7, A8) are
set to (11), and the 7-bit lower addresses A0 to A6 are
generated decrementally such as (127, 126, 125,... 2, 1,
0).

The read-out output of each address previously men-
tioned is added to the outputs of registers 124, 134 and
144 at the adders 122, 132 and 142, respectively. The
registers 124, 134 and 144 are reset to zero prior to
forming an accumulated frequency distribution tabie.

Therefore, a value from the address 127 1s written into

the memories 109, 110 and 111 as an accumulated value
with respect to each M-block. By processing through
the addresses of the memories 109, 110 and 111, as pre-
viously described, that 1s, from the address 127 to the
address 1 for every M-block, an accumulated frequency
distribution table is developed in each memory.

The form of the accumulated frequency distribution
table is similar to that shown in FIG. 11. Since the
manner for calculating the transmission bit number of
each flag and the significant AC coefficient 1s very
similar to the manner previously described in the above-
mentioned first embodiment, a further detailed descrip-
tion is omitted

Further, after an accumulative frequency distribution
table 1s formed 1in the frequency distribution memories
109, 110 and 111 multiplexers 121, 131 and 141 are
switched so as to select the address from the address
generator 152, and the multiplexers 123, 133 and 143 are
switched so as to select the output signal from the regis-
ters 124, 134 and 144, respectively.

The address generator 152 generates an address ac-
cording to the flowchart shown in FIG. 18. The register
144 1s nitially cleared to zero at step 161. Next, the
mode number 1 1s set to an initial value of (0) at step 162.
Registers 124 and are cleared to zero at step 163. In step

164 a value of (64/2¢), which is equal to 64 when i is O,
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is generated for the lower addresses A0 to A6. The
value of (64/2') defines a minimum transmission value
ni. The upper addresses A7 and A8 vary from 01 to 1,
1 to 2, and 2 to 3, successively at step 16S.

After the upper addresses A7 and A8 are advanced 5
from O to 3, the output data of the adder 125 indicates
the total number of bits of the flag Fs and Fp per one
field as mentioned below, in which j denotes the num-
ber of the M-block.

10
2 {Sj (n) + P;(nd}
j=0
The output data of the adder 125 are multiplied by 4

at the multiplier 13§ and the multiplied output data are
supplied to the adder 136.

The output data from register 144 are multiphed by 2
at the multiplier 145. Thus, the total number of bits of
AC coefficient data are calculated from the following 20

relationship:

i 33 AC; (ni)
k=o0j=o0 25

The comparator 146 compares the amount of gener-
ated data Q with the object value P at step 166. When
the condition of (P> Q) is satisfied, the mode number 1
is changed to (i+ 1) at step 167, and processing returns
to the step 163. On the other hand, when the condition
of (P>Q) is not satisfied, further processing of the
mode number 1 is stopped as shown in step 168. The
mode number obtained after the stop is adopted and
identified by the mode control signal MD.

As mentioned before, the mode in which the trans-
mission bit number is smaller than the object value 1s
decided, whereupon the AC coefficient delayed by
buffer memory 105 is multiplied by the weighting coef-
ficient corresponding to the above mode.

As described above in detail, the present invention
enables feed forward control so as to maintain the data
amount necessary for transmission smaller than an ob-
ject value. For this reason oscillation does not occur, as
contrasted with the oscillation that occurs in a feedback
control apparatus. In addition, the invention allows the
correct control of the data amount for one field or one
frame so as to be particularly well suited for use with a
digital VTR. Further, since the amount of the generated
data is calculated for every M-block, the amount of the 50
generated data i1s finely controlled.

Having described a specific preferred embodiment of
the present invention with reference to the accompany-
ing drawings, it is to be understood that the invention 1s
not limited to that precise embodiment, and that various
changes and modifications may be effected therein by
one skilled in the art without departing from the scope
or the spirit of the invention as defined in the appended
claims.

What is claimed is:

1. A highly efficient coding apparatus for encoding
received digital video data in block format and com-
pressing said digital video data when required so that
the total bit rate of said digital video data to be transmit-
ted is less than a predetermined transmission bit rate
capacity, comprising:

block segmentation means receiving said digital video

data and for generating data in said block format,
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orthogonal transformation means receiving the block
formatted data and for generating coefficient data
having a direct current (DC) data component and a
plurality of alternating current (AC) data compo-
nents each having a respective number of bits for
each block,
first generating means for generating a first distribu-
tion table from the AC coefficient data components
during a predetermined period,
second generating means for generating an accumu-
lating distribution table from said first distribution
table, |
control means for controlling the total bit number of
said AC coefficient data com;onents generated
during each said predetermined period in response
to said accumulating distribution table and said
predetermined transmission bit rate capacity, and
data transmitting means having said predetermined
transmission bit rate capacity for transmitting said
DC coefficient data component, the controlled AC
coefficient data components and an additional code
in each said predetermined period.
2. A high efficient coding apparatus as in claim 1,
wherein said control means includes calculating means
for calculating a calculated total bit number of said AC
coefficient data components during each said predeter-
mined period on the basis of said accumulating distribu-
tion table, and comparator means for comparing said
calculated total bit number with said predetermined
transmission bit rate capacity of said data transmission
means.
3. A highly efficient coding apparatus for encoding
received digital video data in block format and com-
pressing said digital video data for transmission, com-
prising:
block segmentation means receiving said digital video
data and for generating data in said block format,

orthogonal transformation means receiving the block
formatted data and for generating coefficient data
having a direct current (DC) data component and a
plurality of alternating current (AC) data compo-
nents for each block,
sub-block segmentation means receiving the AC co-
efficient data components of each block and for
dividing the same into a plurality of sub-blocks,

generating means for generating address information
indicating which of said sub-blocks contain signifi-
cant coefficient data, and

data transmission means for transmitting said DC

coefficient data component, said address informa-
tion, and said significant coefficient data for each
block.
4. A highly efficient coding apparatus for encoding
received digital video data in block format and com-
pressing said digital video data for transmission, com-
prising:
block segmentation means receiving said digital video
data and for generating data in said block format,

orthogonal transformation means receiving the block
formatted data and for generating coefficient data
having a direct current (DC) data component and a
plurality of alternating current (AC) data compo-
nents for each block,

sub-block segmentation means receiving the AC co-

‘efficient data components of each block and for
sequentially dividing the same into a plurality of
sub-blocks which in turn are divided into smaller
sub-blocks,
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generating means for generating transmission pattern coefficient data component, said transmission pat-

data for each size of said sub-blocks indicating Cy s .
e t ff1
which of said sub-blocks contain significant data, terr; t:tl)?tg,kand said significant coeflicient data for
each block.

and
data transmission means for transmitting said DC S
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